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Abstract 
Continuous now cultures of feral (culture FC) and domesticated (culture RPCF) p1g gut micronora 
were established in steady state. Cultures, in duplicate, were continuously infused subtherapeut1c 
(2S lJg/ml) levels of tylosm and sampled at mtervals to assess effects on tota l culturable 
anaerobes, Bacteroides spp. and Enterococcus spp. v1a plating on seria l 1 0-fold dilutions to 
anaerobiC Brucella blood agar, Bacteroides bile esculin agar, and M Enterococcus agar 
supplemented without or w1th 100 lJg tylosm/ml, the later to assess bacterial sensitivity to tylosin 
Concentrations of total culturable anaerobes within culture FC decreased (P < O.OS), albeit slightly, 
following 7 days tylosin administration. Concentrations of Bacteroides and Enterococcus 
decreased (P < 0 OS) to near or below detectable levels (1 .0 log10 CFU/ml) 1n culture FC following 7 
days tylosm adm1n1stration , and tylosin-insensitive colomes were recovered at low numbers (~ 2 
log1o CFU/ml) and did not persist. In contrast, concentrations of total cu lturable anaerobes, 
Bacteroides and Enterococcus 1n culture RPCF, while initially decreased upon initiation of tylosin 
admmistrat1on, began to increase (P < 0 OS) by as early as 4 days thereafter, w1th tylosin-
Insensitive colonies recovered as one of predominant populations. The results of this study 
illustrate that under the conditions of th1s test, subtherapeutic administration of tylosin promoted the 
ennchment of tylosm-1nsensit1ve bacterial populations (capable of growing on media supplemented 
w1th 100 lJg tylosin/ml) within RPCF cultures (originating from a traditionally reared domesticated 
p1g) but not from FC cultures (orig1nat1ng from a feral pig). 
Introduction 
Macrolide ant1b1ot1cs are commonly used m human and vetennary med1cme, pnmarily to treat 
infections caused by Gram-pos1tive bacteria and also as a feed additive to improve product1on 
effic1ency in swine (Gaynor and Mank1n, 2003). Res1stance can occur via acquisition of erm 
methyltransferases, wh1ch catalytically Inactivate the macrolide's targeted bmdmg site, via 
acquisition of multidrug efflux pumps or even, albeit infrequently, via po1nt mutations m the 
microbe's genome (Chopra and Roberts, 2001 , Gaynor and Mankin, 2003; Karlsson et al. , 2004; 
Poole, 200S) Recovery of bactena harbouring erm genes from domestic swine and swine 
production hab1tats is not uncommon (Chee-Sanford et al. , 2001, Wang et al , 200S) but less 1s 
known regarding the quantitative acquisition and selection of res1stance in bacteria , particularly 
withm swme not reared traditionally (Stanton and Humphrey, 2004). Contmuous now culture of 
Intestinal microorganisms has been used to study competitive interactions between commensal 
and pathogemc micronora (Harvey eta/., 2002, Hume eta/, 2001 , N1sbet eta/ , 2000) as well as to 
investigate potential factors affecting spontaneous acquisition of antibiotic resistance (Kim et at., 
200S) In th1s study, a contmuous now chemostat model established w1th m1xed populations of 
porcine gut bactena was used to assess the effects of subtherapeutic tylosin adm1mstrat1on on 
select populations of resident bactena. 
Materi als and Methods 
Two separate m1xed populations of porcine gut bactena were established in continuous now 
culture as previously described (Harvey et al 2002, Hume et al 2001) The RPCF culture had 
been previously established w1th cecal contents obtamed from a traditionally reared pig and its 
Initial characterization has been reported previously (Harvey et al 2002) The other culture 
defined as FC was established under s1mllar cond1t1ons except with cecal contents from an 
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adolescent fera l boar killed near Caldwell, Texas, USA, approximately 2 to 4 h prior to necropsy. 
Both parent cultures of RPCF and FC were established and maintained in BioFio chemostats (New 
Brunswick Scientific Company, Edison, NJ) with a culture volume of 550 mi. The culture medium 
was Viande Levure broth which was prepared and maintained anaerobically under a stream of 0 2-
free C02 and infused at 0.40 ml/min which corresponds to a 24 h vessel turnover. Cultures were 
incubated at 39°C and agitated at 100 rpm. Once established in steady state, initial 
characterization of culture FC was accomplished using traditional bacteriological culture 
methodologies and antibiotic susceptibility testing was performed as described in the National 
Committee for Clinical Laboratory Standards (now known as the Clinical and Laboratory Standards 
Institute [CLSI]) (NCCLS, 2004). Both parent cultures were used to provide inoculum to establish 
separate RPCF and FC cultures, in duplicate, which after at least 14 vessel turnovers, were 
continually infused with culture medium containing 25 IJg tylosin/mi. Fluid samples collected 
immediately before and during tylosin infusion were quantitatively cultured, via plat1ng of 1 0-fold 
serial dilutions, to the following media, each prepared with or without 100 IJg tylosin/ml: anaerobic 
Brucella blood agar and Bacteroides bile esculin agar (Anaerobe Systems, Morgan Hill , CA), for 
detection of total anaerobes and Bacteroides spp., respectively, and M Enterococcus agar (Becton 
Dickinson and Company, Sparks, MD) for detection of Enterococcus spp. Inoculated media were 
incubated 48-72 h at 37 oc and colonies propagated with and without tylosin selection were 
enumerated. Specific identification of bactena from select colonies was achieved using rapid ID 32 
STREP, rapid 20E, 20NE, 20A, and rapid ID 32 A identification strir,s (bioMerieux, Hazelwood, 
MO). Indole spot tests (Anaerobe Systems, Morgan Hill, CA), E-test M (AB Biodisk, Piscataway, 
NJ) and gas chromatography were also used in this analysis. Samples containing no detectable 
colonies of bacteria were g1ven a value of 1.0 log 10 CFU/ml. Log10 transformations of bacterial 
concentrations obtained from duplicate cultures were analyzed for main effects of day, culture type 
(i.e., RPCF or FC culture) and the possible interaction using a repeated measures analysis of 
variance (Statistix®8 Analytical Software, Tallahassee, FL, USA). Multiple comparison of means 
was accomplished usmg a Tukeys procedure. 
Results and Discussion 
Characterization of microflora in culture FC. Culture FC achieved steady state after 14 days 
continuous now culture and the bacteriological composition was found to include Streptococcus 
bovis, Proteus mirabilis, Staphylococcus epidermidis, Alcaligenes denitrificans, and members of 
Bacteroides, Lactobacillus, Enterococcus, and Clostridium. Campylobacter and Salmonella were 
never detected in the feral culture and E. coli that was initially isolated from the cecal contents was 
never recovered once the culture had achieved steady state . Enterococcus hirae, Streptococcus 
bovis, Proteus mirabilis, Staphylococcus epidermidis, Alcaligenes denitrificans were susceptible to 
tylosin and erythromycin ; Bacteroides uniformis and Bacteroides stercoris were resistant to 
gentamicin, c1pronoxacin , ceftriaxone and ampicillin. Clostridium hathewayi showed resistance to 
tylosin at MIC >512 IJg/ml and was the predominant anaerobe recovered on anaerobiC Brucella 
blood agar. 
Effect of tylosin on select bacterial populations. Recovery of anaerobes from non-selective 
Brucella blood agar was not affected (P > 0.05) by culture; however, main effects of day and day 
by culture interaction were observed (P < 0.01) on recovery of anaerobes from nonselective 
Brucella blood agar due to a decrease in anaerobes in the FC and an increase in RPCF cultures 
(Figure 1 A). Main effects of culture, day and a day by culture interaction were observed (P < 0.01) 
on recovery of anaerobes from tylosin-selective Brucella blood agar due to a temporary increase m 
tylosin-insensitive anaerobes, which were prominent even before tylosm admm1stration, from the 
FC culture and a gradual enrichment of tylosin-insensitive anaerobes from the RPCF culture 
(Figure 1 A). The prominent tylosm-1nsensitive anaerobe was Clostndtum hathewayi. Main effects 
of culture, day and a day by culture interaction were observed (P < 0.05) on recovery of 
Bacteroides from Bacteroides bile esculin agar supplemented with or without tylosm (Figure 1 B) 
due to higher Bacteroides concentrations in the RPCF cultures prior to administration of tylosin and 
to an enrichment of tylosin-insensitive Bacteroides spp beginning by day 3 of tylosin administration 
(Figure 1 B). In the case of total anaerobes and Bacteroides, tylosin-insensitive populations were 
prominent in RPCF cultures even before initiation of tylosin administration. Conversely, tylosin-
Insensitive Enterococcus spp , were not apparent prior to tylosin admmistratian, however, upon 
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1n1t1at1on of treatment recovery was h1ghly variable between the two RPCF cultures regardless of 
culturing on M Enterococcus agar supplemented with or without tylosin . This indicates that the two 
RPCF cultures contained markedly different enterococcal populations. For instance, even though 
mean concentrations of tylosin-insensitive Enterococcus recovered from the RPCF cultures began 
to increase markedly beginnmg 4 days after initiation of tylosin administration (Figure 1 C) this 
increase occurred in only one of the cultures. As a consequence, main effects of culture, day or 
day by culture interactions on quantitative recoveries on M Enterococcus agar supplemented with 
or without tylosin were not observed (P > 0.05) (Figure 1 C). 
In conclusion , results from this study revealed that subtherapeutic administration of tylosin 
promoted the enrichment of tylosin-insensitive bacterial populations (capable of growing on media 
supplemented with 100 j.Jg tylos1n/ml) Within RPCF cultures (originating from a traditionally reared 
domesticated pig) but not from FC cultures (originating from a feral p1g). 
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Figure 1. Effects of sublherapeut1c (25 IJg/ml) tylosm administration on populations of anaerobes, 
Bacterotdes spp , and Enterococcus spp from continuous now cultures of mixed populations of 
porcme gut baclena obtained from fera l (culture FC, circles) or domestic (culture RPCF squares) 
swine Bacteria were quantitatively recovered on anaerobic Brucella blood agar, Bacteroides b1le 
esculin agar and M Enterococcus agar each supplemented without (open symbols) or with (closed 
symbols) 1 00 1-Jg tylosln/ml 
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